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(54) Method and apparatus for etching a workpiece 



(57) An XcF 2 source 12 comprises a XeF 2 source 
chamber 16 which includes a tray or ampoule 17 for 
XcF 0 crystals 17a a reservoir 18 via valve 19 a flow 
controller 1 3 fed by the reservoir 1 8 and a valve 20 be- 



tween the reservoir 16 and the controller 13 Pressure 
sources 21 and 22 arc provided respectively to maintain 
the reservoir 18 and the source chamber 16 at the sub- 
limtnation pressure of XeF 2 The arrangement allows for 
a steady supply of XcF 2 to an etching chamber 
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Description 

This invention miales to mo I hods rind apparatus for 
etching a wc kpiece using Xonon Difluo'idc XoF : i <e- 
fion Difluonoc is ,i dry isotropic gas phase.- etchan: 
which orovidos a gentle ok h for sn con at low tcmpe-m- 
turc Xenon Oi fluoride is usually supplied in tho form of 
colour ess cystnls which sue lime without eJecomposi- 
tion T no sub imati en pros sure 'or > oF^ is app'oxima'ely 
4 Torf 

Present attempts to use Xof 2 for etching have been 
essentially experimental and have taken place using a 
p ul sec: supp'y of >cf 2 whic" io quires the etch to be 
stopped ano stalled with the etcn charmer being 
pumped down between each etcn step Such an ar- 
rangement i--. impracticable for production processes 
Direct flow has been attempted unsuccessfully 

From one aspect the invention consists \r a method 

of etching a workp ce using XeF : como rising allowing 

XeFj n ts solid pnase to sublimate into its gaseous 
state nitc a reservoir of sufficient volume to provide gas 
(-jt a ore -dot ei mined flow rate tor a pre -deter mi mod o r ch 
period supp-ying the gas at the aosiroo flow rate to an 
etch in.] chamber cental ring the workplace and etching 
the wo i kpiece 

The XeF' 2 Qhs may be mixed wth an inert career 
cas oner to ts introduction irro tho etch chamber I- is 
particularly p» of erred that the XeF'- source continues to 
sublimate during hie outwa'd flow of XeF-, from the -"os- 
ervoir Additionally or alternatively the reservoir may be 
recharged between the etching of separate wc-rh pieces 

From n turthei aspect the invention consists in ap- 
paratus lor e 'ehing a wor kpiece compr sing an etihed 
cnamfcer a XeF 0 source a reservoir valve means for 
c ennectmg the sou-ce to the rcsc-vou 'o allow subhmi- 
nation of the source into XeF 2 gas a flow controller for 
feeding the etch chambc and valve means for connect- 
ing the reservoir to the flow cent roller 

Pro'erabiy the . apparatus ncludes pressure ccnirol 
means "or maintaining the reservoir at approximately 
the sue l.rmnaiion pressuie of XoF^ vvhen there is no out- 
ward f : ow from the reservoir Means may be provided 
for mixmq the- XeF-% gas with an inert carrier gas prior to 
tts introduction into the process chamber It is particu- 
larly preferred that the flow corit roller :S a prossu re- 
based flow control* r 

A chamber will normally be prov-cted for the ?olid 
X eF,-, and convenie r .tly the icscr voir may have a voiume 
which s approxim-irniv three times the volume o' 'he 
XeF : , chamber 

Although the invention has been described above 
it is to be understood tha; it includes any inventive com- 
bination C'f the features set out above or in one following 
doscrip t on 

The invention 'nay be performed in various ways 
r-ind a specific cm be diment will not be dc scribed by way 
ot example reference to the accompanying drawing 
which is a schematic view of etching apparatus 



Etching apparatus is generally indicated at 10 and 
■; ornpi i s e s at etch chamber 1 1 a X e F . s u p ply ge r i e- rally 
indicates! at 12 a flow controller 13 a roj ^nmg pump 
assomb-y generally ind ca tea at '4 and ^ ''amor gas 
- supp-y 15 

Hie \cF-. supply comprises i XeF-, source cham- 
bcr 16 wich ir eludes a tray or ampoule 17 "or the Xc r -, 
crystals 1 7a The source chamoer 16 is cor "ectcd to a 
rose voir 13 via a valve 19 which m turn e ronnocted 
■o tc tn<_- flow con- roller 1 3 by a valve 20 Pressure sources 
2 1 arid 22 arc orovided to respectively maintain the res- 
ervoir 1 ~ and source chamber 1 6 at approximately 4 Torr 
which is kc sublrmmation pressu-e :-f Xo^ Down- 
strcam ot ;no controller * 3 is a valve 23 which connects 

■'^ :^e f ow c xit'oller to a supply line 24 between va vos 25 
and 26 Valve 25 controls the flow :>f the earner gas 'rem 
supply 1 5 mto :he supply line 24 whilst v-ilvc 26 controls 
tne supplv C'f g.-isos m the supply line 24 to an etch cham- 
ber ;:7 cf r ne etching apparatus 11 As is conventional 

~o tee 'oughirig pump installation 14 is corrected down- 
stream ot the etch chamber 27 but it is also connected 
to- the source cnamoer 16 via bypass 23 A line 2^ and 
valve 30 allows earner gas to be supplied tc- this -egion 
for purgir purposes 

2^ in [\-\\ the XoF 2 . crystals are placed in tho ampoule 

or hay 17 with the valve 19 closes and valve 30 open 
Car r or gas is jscd to purge the chamber and the rc jgfv 
mg pump assembly 14 pumps the source down to the 
s.Jbliinira'ion pressure The roughing purne ^sse-mbly 

JO H'la ■ amor gas are then isolated arid valve 1 9 is opened 
ri low nq XeF 2 gas to expand or dif'use mtottie reservoir 

A water is then oaded into 'he etch chamber 27 us- 
ing conventional apparatus and valves 20 23 25 and 

^ 26 open sequentially to allow >eF 2 and the came- gas 
into the etch chamber where etching occurs spontane- 
ously The- pressure within the chamber is controhed by 
t'" e roughing pump assembly 1 4 and its automatic pres- 
s ire control valve 1 4a On certain occasions carr ei gas 

-to may rot he required in which case vave 25 remains 
c;osed 

Valve 1 d may be open or c osed depending on the 
p.roe-.ss and production levels which are required A op- 
tical detector generally indicated at 31 determines when 

J ^ the r ich h-.s ceen completed or a tcrnatively a time ba- 
sis may he used Upon completion of the etch valves 
20 2 3 2.: and 26 arc snut and tec water \i removed 
Bv the time a new wafer is introduced into the chamber 
for e':hin^ the reservoir 13 is ro-chmged and thus not 

50 only can each wafer be fully etched in one process con- 
tinuous etching of wafers is achieved Continuous de- 
livery of XcF 2 also enhances uniformity nnd the use of 
a pressure based flow control mechanism 1 3 is consid- 
erably beneficial over say mass flow measurement It 

^ will be noted that the process chamber pressure control 
is independent of the flow control mechanism for XeF^ 
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Claims 

1. A method ot etching a wor kpioco using XoF_. com- 
prising allowing solid XcF 2 { ° subliminalo into its 
gaseous state into ,-t reservoir of sufficient volume - ; 
[d provide gas -it a prc-doter mined flow rate for a 
prc-cjotormmcd etch period supplying the gas at 
the dosned flow [rite tOrin etching chamber contain 

tnq the wor kpioco and etching the workoieco 

2. A method as claimed in Claim 1 wherein XcF 2 ^ s 
is mi*ed with an inert carrier gas prior to its intro- 
duction into the etch chamboi 

3. A method as claimed m Ciairn 1 or Claim 2 wherein 
the XoF source continues to sub linn mate going out- 
ward flow from the reservoir 

4. A method as claimed in any one of Claims 1 to 3 
including recharging the reservoir between etches -0 

5. A method as claimed in any one of the preceding 
Claims whe f cin the flow ra:e is controlled on a pres- 
sure basis 

J 5 

6. Apparatus for etching a workplace comprising an 
etch chamber a XeF 2 source a reservoir valve 
moans for connecting the source to the reservoir to 
allow sublimmation of the source into XcF^ gas a 
flow control of the feeding of the etch chamber and JO 
valve means or connecting Ihe reservoir to the flow 
controller 

7. Apparatus as claimed in Claim 6 further including 
pressure control means tor maintaining the rcser- 
voir at approximately sublimmation pressure of 
XcF, when there is no outward flew from the res- 
ervoir 

8. Apparatus as claimed in (Maim 6 or Claim 7 further 
comprising means for mixing the XeF 2 gas with an 
inert carrier gas prior to its introduction into the proc- 
ess 

9. Apparatus -is Maimed m any onn Mlaimh to - wh.m -*■ 
lor 
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(54) Method and apparatus for etching a workpiece 



(57) An XeF 2 source 12 comprises a XcFo source 
chamber 16 which includes a tray or ampoule 17 for 
XcFj crystals 17a a reservoir 18 via valve 1 Q a flow 
controller 1 3 fed by the reservoir 1 3 and a valve 20 be- 



tween the reservoir 18 and the controller 13 Pressure 
sources 21 and 22 aie provided respectively to maintain 
the reservoir 18 and the source chamber 16 at the sub- 
limmation pressure of XcF 2 The arrangement allows for 
a steady supply of XoF 2 to an etching chamber 
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